Bloodstream infections such as bacteremia and sepsis are potentially life-threatening and thus require early diagnosis and prompt administration of antibiotics to reduce mortality related to multiple organ failure. 1,2 Because conventional clinical and laboratory parameters, such as fever, pulse rate, WBC count, and C-reactive protein (CRP), often lack sufficient sensitivity and specificity, 3 it can be difficult to distinguish between bloodstream infections and other diseases. 4,5 Blood culture is a specific method for detecting bloodstream infections, but the result is only available after 24 to 48 hours. 6 Therefore, empiric antibiotic therapy for suspected bloodstream infection usually has to be given for several days before the culture results are obtained. A rapid and reliable test to confirm or exclude the existence of bloodstream infection would thus be very useful when deciding on the need for antibiotics, and it could also have a considerable impact on medical costs. 7 Upon completion of this activity you will be able to:
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• evaluate bacteremia by plasma procalcitonin level.
• estimate the severity of bacteremia in patients with positive blood culture.
• assess the procalcitonin level in relation to renal function.
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In 1993, Assicot et al 8 first observed a marked increase of the circulating procalcitonin (PCT) level in patients with sepsis and other clinically significant bacterial infections. Recent studies have demonstrated that PCT is a useful marker for excluding sepsis in the emergency department (ED), and elevation of PCT is an early independent predictor of all-cause mortality in the intensive care unit (ICU). 2, 4 Several studies have indicated that PCT might be useful for predicting the severity of illness, the risk of serious adverse events, and the outcome in patients with community-acquired pneumonia (CAP) or pancreatitis. [9] [10] [11] However, these studies were limited to particular patient populations (patients in the ED and ICU, or those with CAP or pancreatitis). 1, 2, 4, [9] [10] [11] In addition, it has been reported that renal function influences the circulating PCT level. 12, 13 Dahaba et al 14 suggested that the normal value of PCT may be up to 1.5 ng/mL in patients with end-stage renal failure. Amour et al 13 also reported that renal function had a marked influence on PCT levels in both noninfected and infected patients. Although elevation of PCT has previously been described in patients with chronic kidney disease (CKD), data about PCT levels in patients with CKD are conflicting. [15] [16] [17] [18] In fact, little is known about the pathways for elimination of PCT. Because these reports suggest that the PCT level indicating bloodstream infection might be influenced by renal function, the diagnostic value of PCT could vary in different patient populations.
However, PCT has not yet been studied in a large patient population. Accordingly, we investigated the usefulness of PCT as both a diagnostic and prognostic marker for bacteremia in a large number of patients with suspected bloodstream infection. We also assessed the relationship between PCT and renal function.
Materials and Methods

Study Population and Medical Records
We retrospectively analyzed the medical records of 1,331 patients (aged ≥18 years) with suspected bloodstream infections who had concurrent biochemical data and blood culture results. They were treated from July 2010 to June 2012 at Japanese Red Cross Nagoya Daiichi Hospital (Nagoya, Japan), which is one of the major referral hospitals in Nagoya city with more than 800 beds and 31 clinical departments. For each patient, the age, sex, results of blood culture, biochemical data, and survival were recorded.
Laboratory Tests
Blood samples were obtained from each patient to determine the plasma PCT level, serum CRP level, serum creatinine level, and WBC count. The estimated glomerular filtration rate (eGFR) was calculated using the following equation as recommended by the Japanese Society of Nephrology 19 : eGFR (mL/min/1.73 m 2 ) = 194 × Scr -1.094 × Age -0.287 × 0.739 (if female) Blood samples for biochemical tests and blood culture were collected at the same time. Plasma PCT was measured with a Cobas e411 electrochemiluminescence immunoassay (Roche Diagnostics Japan, Tokyo, Japan). The lower limit of detection for this assay was 0.02 ng/mL. The reportable range of this assay (analytic measurement range and clinical reportable range) is between 0.02 and 100 ng/mL. According to the manufacturer's data on within-run reproducibility at approximately 0.5 ng/mL, mean value and coefficient of variants were 0.55 ng/mL and 1.1%, respectively. All assays were performed at a single laboratory. A JCA-BM2250 analyzer (Japan Electron Optics , Tokyo) was used to measure serum CRP (N-assay LA CRP-S D-type, Nittobo Medical, Tokyo, Japan) and serum creatinine (Pureauto S CRE-N, Sekisui Medical, Tokyo). A Coulter LH750 counter (Beckman Coulter, Tokyo, Japan) was used to determine the WBC count.
Blood Culture
Blood culture bottles were incubated under aerobic and anaerobic conditions in an automated BacT/ALERT 3D system (SYSMEX bioMérieux, Tokyo, Japan) until a positive result was obtained or for up to 7 days. A significant positive blood culture was defined as previously reported. 3, 4, 20, 21 Microorganisms from positive blood cultures were further identified using standard laboratory methods. 22 In brief, a small volume of the blood culture sample was inoculated onto sheep blood agar, chocolate agar, or MacConkey agar plates. Then the plates were incubated at 35°C overnight in a 5% carbon dioxide incubator except for the MacConkey agar plates, which were incubated in normal air without carbon dioxide. Isolates were assessed after 24 and 48 hours and were characterized on the basis of colony morphology and Gram staining. Microorganisms were further identified using manual methods or the MicroScan WalkAway system (Siemens Healthcare Diagnostics Japan, Tokyo). If a blood culture yielded organisms commonly considered as blood culture contaminants (eg, coagulase-negative staphylococci, Corynebacterium species, Bacillus species, or Propionibacterium acnes), the culture was considered to have been contaminated as defined in previous literature. 3, 4, 20, 21 The time until a blood culture became positive (time to positivity [TTP]) was defined as the interval between the start of incubation and detection of growth by the automated blood culture system.
To assess the diagnostic value of PCT for bacteremia, blood cultures were classified into three groups-positive, negative, and contaminated cultures. Positive blood cultures were divided into four categories according to the microorganisms identified: Gram-positive bacteria, Gram-negative bacteria, fungi, and multiple bacteria. Cultures with contamination were considered "negative" for the purpose of determining the usefulness of PCT for diagnosis of bacteremia.
Outcome Measures
Survival from the date when the blood culture was obtained was investigated from the medical records. This study attempted to identify the optimum PCT value for predicting bacteremia and estimating the survival of patients with bloodstream infection. The relationship between PCT and renal function was also analyzed.
Statistical Analysis
Diagnostic accuracy was assessed by calculating the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV). Receiver operating characteristic (ROC) curves were drawn and the area under each ROC curve (AUC) was calculated to assess the diagnostic value of PCT, CRP, and WBC count for discriminating bacteremia (ie, positive blood culture) from nonbacteremia (ie, negative or contaminated blood culture). Differences of the AUC were analyzed with the DeLong test, 23 while the correlation between PCT and TTP was assessed with the Spearman rank test.
Follow-up information for at least 30 days was compiled for all patients. If a patient had more than one positive blood culture within 30 days, only the first was considered for survival analysis. If a patient was unavailable for follow-up during the 30-day observation period, he/she was censored at the last follow-up. The Kaplan-Meier method was used to estimate survival curves, and the log-rank test was used to evaluate survival differences between groups.
Continuous variables are expressed as the mean ± standard deviation or median (95% confidence interval), unless otherwise stated. For the graphic display of PCT and CRP levels, logarithmic transformation of the data was performed. Nonparametric comparisons between two groups were done with the Mann-Whitney U test. For multigroup comparisons, Kruskal-Wallis nonparametric analysis of variance was performed, and the Mann-Whitney U test with Bonferroni correction was used for post hoc comparisons. All tests were two-tailed, and P < .05 was considered to indicate statistical significance except for the Mann-Whitney U test with Bonferroni correction (P < .01). All statistical analyses were performed with StatView 4.5 software (Abacus Concepts, Berkeley, CA) or modified R software (The R Foundation for Statistical Computing, Perugia, Italy).
Results
Subjects
A total of 1,331 patients with 1,874 sets of biochemical and blood culture data were included in this study. The median age of the patients was 67.9 years (range, 18-102 years) and 59.7% were male. The majority of the 1,874 blood samples were obtained in the ED (48%), followed by the Departments of Nephrology (13%), Hematology (10%), Gastroenterology (7%), and Gastroenterological Surgery (5%).
Results of Blood Culture
There were 297 positive blood cultures (15.8%). Blood culture detected Gram-positive bacteria, Gram-negative bacteria, fungi, and multiple bacteria in 81, 122, 13, and 16 cultures, respectively, and 65 culture samples were contaminated ❚Table 1❚.
Comparison of Biochemical Data
The PCT, CRP, and WBC count of each group classified by the microorganisms identified are shown in ❚Figure 1❚ and ❚Table 2❚. Compared with patients who had negative cultures, PCT was significantly elevated in patients whose blood cultures were positive for Gram-positive or Gramnegative bacteria, fungi, and multiple bacteria but not in patients with contaminated cultures. In addition, CRP was significantly higher in patients with Gram-positive and Gram-negative bacteria than in patients with a negative blood culture. However, the WBC count showed no significant difference among the groups.
Among 231 patients with positive blood cultures, PCT was significantly correlated with TTP (R = −0.21, P < .001, Spearman rank correlation) ❚Figure 2❚. In contrast, there was no significant correlation between CRP or WBC count and TTP (data not shown). 
Diagnostic Accuracy for Positive Blood Culture
The diagnostic accuracy of PCT, CRP, and WBC count for a positive blood culture is presented in ❚Table 3❚. ROC curves of PCT, CRP, and WBC count for discriminating positive blood cultures are shown in ❚Figure 3❚. The AUC for PCT was 0.753, and the optimal cutoff value of PCT for predicting a positive blood culture was 0.9 ng/mL. Using this cutoff value, the sensitivity, specificity, PPV, and NPV were 71.9%, 69.1%, 24.5%, and 94.6%, respectively. The best cutoff value for CRP was 12.5 mg/dL, at which it showed a sensitivity, specificity, PPV, NPV, and AUC of 66.1%, 50.4%, 17.6%, 90.3%, and 0.601, respectively. For the WBC count, the cutoff value was 12,000/μL (12.0 ×10 9 /L), at which the sensitivity, specificity, PPV, NPV, and AUC was 67.4%, 46.3%, 16.9%, 90.0%, and 0.559, respectively. The AUC for PCT was significantly larger than that for CRP (P < .001) or the WBC count (P < .001). The sensitivity, specificity, PPV, and NPV of PCT for predicting a positive blood culture were all higher than those of CRP and the WBC count.
Prognostic Value of PCT in Patients With
Positive Blood Cultures ❚Figure 4❚ shows the survival curves of patients with positive blood cultures stratified into three groups according to the PCT level. Patients with a high PCT level had a significantly lower survival rate than those with a low PCT level. The survival of patients in the lowest PCT tertile (<0.5 ng/ mL) was significantly better than that of patients with a PCT level between 0.5 ng/mL and 2.0 ng/mL (P = .039) or those with a PCT level higher than 2.0 ng/mL (P = .003).
Influence of Renal Function on PCT
The correlation between PCT and eGFR in the 1,874 blood samples is shown in ❚Figure 5❚. The PCT level was found to show a significant correlation with eGFR (R = -0.44, P < .001, Spearman rank correlation). Therefore, the cutoff value of PCT for predicting a positive blood culture was analyzed in relation to eGFR ❚Table 4❚. The optimal cutoff value of PCT for predicting a positive blood culture increased along with the deterioration of renal function, with values of 0.37, 1.06, and 2.50 ng/mL for patients with an eGFR of 60 mL/ min/1.73 m 2 or more, 30 to less than 60 mL/min/1.73 m 2 , and less than 30 mL/min/1.73 m 2 , respectively. The sensitivity of the adjusted PCT values for predicting a positive blood culture was higher than the sensitivity of the unadjusted PCT value for all patients (Tables 3 and 4) . Mean ± SD PCT (ng/mL) 1.7 ± 6.8 6.6 ± 17.5 12.6 ± 25. eGFR, estimated glomerular filtration rate; PCT, procalcitonin; ROC, receiver operating characteristic; SD, standard deviation. such as CRP and WBC. However, these parameters lack sufficient accuracy for early diagnosis of bacteremia 24 ; there may not be an increase during the acute phase, or sometimes the increase may occur after the infection has already been controlled or even in the absence of infection. 2 We found that PCT was better at discriminating bloodstream infections than CRP or WBC count. In addition, PCT did not increase in patients with contaminated blood cultures, although our definition of contaminated blood culture may be controversial. Blood samples for culture are often collected under suboptimal conditions, resulting in frequent contamination by common skin flora. 25 For distinguishing contamination from true bloodstream infections, PCT was superior to both CRP and WBC count. Many studies have been performed to determine the cutoff value of PCT for predicting a positive blood culture, but the results have varied. Lorrot et al 26 reported a value of 2 ng/mL, while Ugarte et al 27 concluded that the best cutoff value was 0.6 ng/mL for adult patients in the ICU. In our study, when the cutoff value was less than 0.9 ng/mL, PCT showed a PPV of 24.5% and an NPV of 94.6% for positive blood cultures. Therefore, we propose that values (≥1.3 ng/mL or ≥4.0 ng/mL) showed worse survival than those with lower PCT values in both the normal and impaired renal function groups.
Discussion
To our knowledge, this is the largest study so far to examine the clinical usefulness of PCT in an unselected patient population with suspected bloodstream infection managed at a single institution. We found that the PCT level was significantly higher in patients with a positive blood culture and that it was more useful for predicting bloodstream infection than CRP or WBC count. In addition, PCT was significantly correlated with TTP and survival in patients with positive blood cultures. Furthermore, PCT was significantly correlated with eGFR, and the optimum cutoff value of PCT for predicting a positive blood culture increased along with the deterioration of renal function.
Early assessment of bacteremia generally relies on a combination of clinical examination and laboratory tests, predicts a positive blood culture or severe bacteremia seems to be higher in patients with renal dysfunction. This study had some limitations. First, the administration of antibiotics before blood collection for culture was not investigated. Some patients might have received antibiotics, leading to negative blood culture results associated with high PCT levels, which would reduce the PPV of PCT for predicting positive blood cultures. Schuetz et al 34 reported that restricting the analysis to patients without antibiotic pretreatment did not significantly improve the prognostic performance of PCT. Second, the causes of death were not fully investigated. Some patients might have had terminal malignancy or major surgical complications, such as liver failure after hepatectomy, and the cause of death might not have been bacteremia in such patients. To assess the value of PCT for predicting severe bacteremia, it might be acceptable to consider sepsis-related mortality. However, several large clinical studies on PCT adopted all-cause mortality as a primary outcome. 9, 10, 35 Despite these limitations, the results of our study can be applied to various situations and patient populations because this study was conducted in a relatively large number of patients.
In conclusion, PCT is not only a useful marker to rule out bacteremia but also can predict severe bacteremia. Because PCT is significantly correlated with eGFR, renal function should be taken into account when using this parameter clinically.
a PCT level lower than 0.9 ng/mL can be used as a marker to detect or exclude bacteremia in unselected adult patients with suspected bloodstream infection. However, PCT should be used in combination with clinical signs and other parameters because the NPV in our study was less than 100%.
Several studies have shown that a short TTP is associated with a significantly higher mortality rate in patients with Staphylococcus aureus bloodstream infection. 28, 29 In the present study, PCT and TTP were significantly correlated, suggesting that PCT can be a prognostic factor for bacteremia. Some authors have provided convincing evidence that PCT is useful not only for detecting bacteremia but also for evaluating severity (predicting mortality) in patients with pneumonia. 9,10,30 Jensen et al 2 found that a high maximum PCT level and the daily changes of PCT were independent predictors of 90-day mortality in patients in the ICU. The CAPNETZ study reported a high prognostic value of PCT for predicting mortality in patients with CAP. 9 In contrast, the GenIMS cohort study only found moderate additional value of PCT compared with the pneumonia severity index and the CURB-65 score. 30 To the best of our knowledge, however, no previous study has reported the prognostic value of PCT for bacteremia in an unselected patient population from a single institution. Our results demonstrated that PCT was significantly correlated with the survival of patients who had positive blood cultures. Measurement of PCT can help physicians to safely withhold antibiotics in patients with suspected bloodstream infection or identify high-risk patients, which could have a major impact on clinical practice. 31 Because the assay time for PCT is only about 20 minutes, 32 its measurement may aid decision making, particularly in the ED.
Little is known about the elimination pathways of PCT, but renal function appears to influence the PCT level. 12 Our study revealed that the PCT level was significantly correlated with renal function, which is consistent with findings of a previous report. 13 The cause of PCT elevation in patients with renal dysfunction could be its impaired renal or hepatic elimination or increased production. Peripheral blood mononuclear cells release more PCT in patients with impaired renal function and those receiving renal replacement therapy. 33 In addition, patients with severe renal dysfunction often show evidence of a systemic inflammatory response, which leads to PCT production. 12 In the present study, the optimum cutoff value of PCT for predicting a positive blood culture increased in parallel with the decrease in eGFR. The sensitivity of PCT for predicting positive blood cultures was higher after adjusting for renal function than when the PCT value was calculated for all patients. Thus, renal function should be taken into account when using PCT to estimate the risk of bloodstream infection. In addition, the prognostic value of PCT for bacteremia differed between patients with normal and impaired renal function. The PCT level that
